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(54) Semiconductor pipeline memory device eliminating time loss due to difference between 
pipeiine stages from data access 



(57) A semiconductor pipeiine memory device has a 
controiler (16) for producing first second and tiiird tim- 
ing dock signals (PH1/PH2/PH3) tor transferring a col- 
umn address and a read-out data bit ttirough first 
second and third pipeiine stages (15e/l5d: 
15!/15g/17g/17h; ITi/ITb) to an input-and-oulput pin 
(DC), and long time interval between two of the first 
second and third timing dock signals and short time 



interval between another two of the first, second and 
third timing dock signals are respectively assigned to 
one of the first to third pipeline stages with relatively 
k>ng signal path and another of the first to thinj pipeline 
stages with reiativety short signal path, thereby 
decreasing undesirable time loss. 
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pipeline stages from data access 



(57) A semiconductor pipeline memory device has a 
controller (1 6) for producing first, second and third timing 
dock signals (PH1/PH2/PH3) for transfening a column 
address and a readK)ut data bit through first second and 
third pipeline stages (15e/15d: 15f/15g/17g/l7h; 
1 7i/l7b) to an input-and-output pin (DQ), and long time 
intend between two of the first, second and third timing 



dock signals and short time interval between another 
two of the f irst second and third timing dock signals are 
respectively assigned to one of the first to third pipeline 
stages with relatively long signal path and another of ttie 
first to third pipeline stages with relatively short signal 
path, thereby decreasing undesirable time loss. 
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Description 

FIELD OF THE INVENTION 

5 This invention relates to a semiconductor pipeline memory device and. more particularly, to a semiconductor pipeline 
memory device eliminating time ioss due to a difference in signal propagation paths between pipeline stages. 

DESCRIPTION OF THE RELATED ART 

10 The semiconductor memory device usually assists a microprocessor, and provides a data storage for it. The micro- 
processor has enhanced the calcuiaticn speed, and. accordingly, the semiconductor memory derice is expeaed to 
increase the access speed. However, the process technologies presently available and a large semiconductor chip for 
an ultra targe scale integration set Imriit on the access speed, and the senticonductor memory device can not satisfy a 
system designer. 

15 One of the approaches for the speednip is a pipeline structure, and several semiconductor pipeline memory devices 
have been proposed. Japanese Patent Pi^ication of Unexamined Application Nos. 61-148692 and 6-76566 disdose 
typical examples of the semiconductor pipeline memory device. 

Rgure 1 illustrates a typical example of the semiconductor pipeline memory device fabricated on a semiconductor 
chip 1 . The prior art serniconductor pipeline memory device comprises a memory cell array 2 implemented by a plurality 

20 of addressable memory cells and sense amplifier circuits connected through bit line pairs 4 to the memory cell array 2. 
The bit line pairs 4 are selectively connected to the addressable memory cells, and propagate read-out data bits and 
write*fn data bits between the sense amplifier circuits 3 and the memory cell array 2. 

The prior art semiconductor pipeline memory device further comprises an addressing system 5 for selecting the 
addressable memory cells. Although the acjdressing system indudes a row addressing sub*system and a pipeline column 

25 addressing sub-system, only the pipe line column addressing sub-system is illustrated and described hereinbelow. 

The p^eline column addressing sub-system indudes address input drcuits 5a for producing column address data 
signals CL1 from an external column address signal ADD. a column address decoder 5b fbr decodng the column address 
data signals CL1 into column address decoded signals CL2 and two sets of latch drcuits 5c and 5d respectively asso- 
ciated with the address input drcuits 5a and the column address decoder 5b. The set of latch drcuits 5c are responsive 

30 to a timing docK signal PHI fbr storing the column address data signals CL1. The other set of latch drcuits Sd are also 
responsive to the timing dock signal PHI, and store the column address decoded signal CL2. The column address 
decoded signals CL2 specifies one of the sense amplifier circuits 3 and. accordingly, a read-cut data bit and a write-in 
data bit propagated to the selected sense amplifier drcuit. 

The prior art semiconductor pipeline memory device further comprises a contrdler 6 and a pipeline read*outAArrite- 

35 in system fbr propagating read-out data bits and writenn data bits from and to the sense amplifier drcuits 3. The controller 
6 includes a clock input drcuit 6a, and the dock input drcuit 6a produces the timing dock signal PH1 from a system 
dock CLK. The timing dock signal PH1 rises in response to the leading edge of the system dock CLK. and the timing 
dock signal PHI has a predetermined pulse width. Though not shown in figure 1, the controller 6 further indudes a 
read-write controlling drcuit, and the read-write controlling drcuit is responsive to a read/write enable signal for changing 

40 the pipeline read-out^rite-in system between a read-out phase and a write-in phase. 

The pipeline read-out/write-in system indudes a data input drcuit 7a and a data output drcuit 7b coupled in parallel 
to an input-and-output data pin DO. An input data signal Sin indicative of a write-in data bit is supplied from the outside 
to the data Input drcuit 7a. and is temporarily stored in the data input drcuit 7a The data input drcuit 7a produces a 
write-in data bit from the input data signal Sin. and is supplied to a selected sense amplifier drcuit 3. On the other hand, 

45 a read-out data bit is supplied from a selected sense amplifier drcuit 3 to the data output drcuit 7b. and is temporally 
stored in the data output circuit 7b. The data output drcuit 7b r^'oduces an output data signal Sout from the read-out 
data bit and the output data signal Sout is supplied through the input-and-output data pin OQ to the outside. 

The pipeline read-out/write-in system 7 further indudes a write buffer 7c for the write-in data bit. a read buffer drcuit 
7d fbr the read-out data bit and a data amplifier drcuit 7e coupled through a data bus 7f to the write buffer drcuit 7c. 

50 Two latch drcuits 7g and 7h are associated with the data input drcuit 7a. and are coupled in series between the data 
input drcuit 7a and the data bus 7f. On the other hand, one latch drcuit 7i is coupled between the data amplifier drcuit 
7e and the data output circuit 7b. The latch drcuits 7g. 7h and 7i are responsive to the timing dock signal PHI. and 
temporality store the write-in data bit and the read-out data bit. The data input drcuit 7a. the latch circuits 7g and 7h. 
the data bus 7f and the write buffer drcuit 7c constitute a write-in data propagation path for the write-in data bit and the 

55 read buffer drcuit 7d. the data bus 7f. the data amplifier circuit 7e. the latch circuit 7i and the data output drcuit 7b form 
a read-out data propagation path. Thus, the data bus 7f is shared between the write-in data propagation path and the 
read-out data propagation path, and the write-in data propagation path and the read-out data propagation path are 
selectively enabled by the read-write controlling drcuit (not shown) of the controller 6. 
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outcSS^ZJnZT^r reaajrrite enable signal causes the read-wnte controlling drcurt to enatte the read- 
art data prcpagation path. The row addressing sub-system (not shown) causes a row of addressable memLvrJTl 
put me r^-out data brts on the brt line pairs 4. and me sense amplifier cj«a^3 ZS^TSSiSSSL 
On me omer hand, me column address signal ADD indicativVof a c^aS^^^l^TJ^^ 
ro ^ll7^^"'^r:T '''T^'^ CLK(^). ^ the address input circuits 5a pr^uX c^uL 

« K "^"^ ^Snals CLl indicative of me column addresTAl are latched by theS 

5S?ed J m^TT* hI!?"" ^^"^ ""^^^ at time t1. arti me column aMreSd2^S?S 
decoded to me column address decoded signals also indicative of the column adcfress A1 

""^^'u^al^ess signal ADD changes me column address to A2 in synchronism wimm ^ 
« S?:; "."^H S« cl««< Signal PH1(2) at time 12. The cLin^S^ed^S cill i^ 

!S ^ column «Jd,«s decodSSSteS 

out JI^^ S.^"*"^ "^"^^ 5d select me read^SXbrt^S )^ 

out Iromthe addressable memory cell assigned me column address Ai. and me read-out data MRmrfe I™S 
» through me read buffer circuit 7d and me data bus 7f to me data amplifier circuit 7e T^2»S2f«r JSS^^V 
the read-out data bit RD1(1,. and supplies me read-out d^«Xo^ 

read^STrt "^T ? '^"^ ^'^^ to rise at time t3. The 'latch circuit 7! latches me 

« I ^ ^« W RD3(l). and me output data stoiSsoiSSfe 

25 delivered from me input-and-output data pin DQ to me outside v a »"o me ouipui oaa signal sout(1) is 

chmlTsmS ^ l*^**^ "i"^" '^^^ ^^"^ the column address A2 aiso ^n syn- 

read?.^ h^'SS^^o^^^^^ "^l^. ^"^"^ ^ to rise at time t4. and me latch circuit latches me 

SSSt RtS^fL^^^^^^ '""5 "^"^ "^^ '«tch Circuit 7. supplies me reS-o^ 

' . c ^ ''"tp"* 7b produces me output data signal Sout(2) The 

oulpirtdatas.gnalSout(2)isdeliveredfrommeinput-andK)ulputdatapinDQtomeoutside 

andSi^feiSrSbtir jSTof '^■^^'^ ^ 

FJure 3 .llusffates me pipeline write-in operation. The row addressing sub-system (not shown) selects one of me 
rows Of addre^iememory cells, and electrically couplesmebit line pairs4to me selected ad*e«^^ 

J^ c^T '^^T'"'- '^'^J^ ^ 5a prSce me coJl^^^ 

aocK t,LK(5). and me data input circuit 7a produces me write-in data bit WD1(1) 

i« riHl S.^^^ ^"^^ ^'9"^' ''"^ to rise at time t5. and the timing dock signal PHI (5) 

in ^L^"* 7h and n. The latch Circuits 5c temporarily store rSTnSeTdS 

h1 T^^* !lf ««1 the column address decoder 5b decodes melolS^ 

^ date signals CLl to me column address decoded signals CL2 indicative of me column addrS Al 
The wnte-in data bit WDl(l) is also latched by me latch circuit 7g in response to me timingdSfaanal PH1(5) 

IS notlatchrt because me timing Clock signal PH1(5) has been afr^^ 

,„rt r/i^ f ^ ^° to -A2- in syntmronism wim me system dock CLK(6). 

and me inpu^data signal S.n also Ganges me value to -Sin(2)- in synchronism wim me system docJ^LW^Tli dS 
input Circuit 6a raises me timing dod< signal PHi(6) at time t6. r^^naa^y^u^o). ineaocK 

i^r^l!^^'^'^']-^ 1 responsive to me timing dod< signal PHl(6). and latches me write-in data bit WD2(l). The 
tetch arcuit 7h supp 1^ me wnte-in data bit WD3(i) to me write buffer drcuit 7c. and me write buffer droiit 7c supplte 
the wnte-.n data bit W04(1) to me sense amplifier circuits 3. nw ouner arcuii /c supplies 

The latch circuits 5d stores me column address decoded signals CL2 indicative of the column address A1 and the 
^TLIS r^;;' ''T^^' ""^^ ^ "'^ ^« 3. The selit^^T^^iffJa^n 
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The address input drcuHs 5a produce the column address data signals CL1 indicative of the column address A2, 
and the column address data signals CL1 are latched by the latch drcuits 5c in response to the timing dock signal PH 1 (6). 

The data input circuit 7a produces the writenn data bit WD1 (2). and the latch circuit 7g latches the write-in data bit 
W01(2) in response to the timing dock signal PH1(6). The latch drcuit 7g supplies the write-in data bit W02(2) to the 
5 next stage 7h. However, the timing dodc signal PH1(7) has been already recovered, and the latch circuit 7h does not 
store the write*in data bit WD2(2). 

The system dodc CLK(7) causes the dock input drcuit 6a to raise the timing dock signal PHI (7) at time t7. The 
latch drcuits 5d latches the column address decoded signals CL2 in response to the timing dock si^ial PHI (7). and 
the column address decoded signals CL2 selects another sense ampfifier drcuit associated with the addressable menv 
10 ory ceil assigned the column address A2. 

The latch drcuit 7h is also responsive to the timing dock signal PH1 (7), and latches the write-in data bit WD2(2). 
The latch drcuit 7h supplies the write-in data bit WD3(2) through the data bus Tf to the write buffer drcuit 7c and the 
write buffer circuit 7c supplies the write-in data bit WD4(2) to tt^ 

drcuit 3 amplifies the write-in data bit WD4(2). and the write-in data bit WD(2) is written into the a d dressa ble memory 
1$ cell assigned the column address A2. 

Thus, the write-in data bits are sequentially written into the selected addressable memory cells through the p^^efine 
column addressing and the pipeline data transmission* 

The column addressing sub-system is assumed to consume time tl for transferring the column address between 
the latch drcuits 5c and 5d. The transfer operation from the address latch in the latch drcuits 5d to the read-out data 
20 latch in the latch circuits 7t is assumed to consume time t2. The data transfer from the latch circuit 7i to the input-output 
data pin DQ is assumed to consume time t3. The time interval tS is the access time of the prior art semiconductor ppeline 
memory device, and either time tl or t2 longer than the other is the cyde time The latch circuit 71 is usually located to 
be dose to the input-and-output data pin 00, and. forthis reason, the access time t3 is shorter than the cyde time t1 or t2. 
The latch drcuits 5d are located doser to the address port AP than the sense amplifter drcuits 3, and. accordingly. 
25 the time t2 is usually longer than the time tl . The address access time T is expressed by equatton 1 . 

Tst2x2-i-t3 Equationi 

The address access time T is longer than the total time (tl •i>t2-)>t3), and time loss TL takes place as fbltows. 

30 

TL«(t2x2-i-t3)-(t1i-t2«i-t3)>t2-t1 £quation2 

Thus, the time t2 is longer than the time t1 due to the location of the latch drcuits 5d doser to the address port AP than 
the sense amplifier drcuits 3. and the undesirable time loss TL takes place. The time loss TL is determined by the 
35 pipeline configuratun. and is hardly decreased through the simulation and the evaluation of an actual product 

SUMMARY OF THE INVENTION 

It is therefore an important object of the present invention to provide a semiconductor pipeline memory device which 
40 decreases the time loss. 

To accomplish the object, the pr^ent inventnn proposes to assign a long data propagation to a time interval over 
two pipeline cydes. 

In accordance with the present invention, there is provided a semiconductor pipeline memory device comprising: a 
plurality of addressable memory cells for storing data bits, respectively; a plurality of data propagatfon paths selectively 

45 coupled to the plurafity of addressable memory ceHs; an addressing system responsive to an external address signal 
supplied to an address port so as to make the plurality of addressable memory cells selectively accessible; a data 
propagation system coupled between the plurality of data propagation paths and a data port; and a pipetine contrdling 
system causing the addressing system and the data propagation system to trace a pipeline sequence from an address 
input to a data supply, and producing at least a first timing dock signal changed to a first active level in each of pipeline 

so cydes. a second timing dock signal changed to a second active level after the first timing dock signal in each of the 
pipeline cydes and a third timing dock signal changed to a third active level between the first timing dock signal and 
the second timing dock signai in each of the pipeline cydes. the pipeline sequence induding a first pipeline stage dose 
to the address port and having first temporary storage means responsive to the first timing dock signal so as to achieve 
a first task in a first time interval between the first timing dock signal in each of the pipetine cydes and the second timing 

55 dock signal in the same pipeline cycle, a second pipeline stage contiguous to the first pipeline stage and having second 
temporary storage means responsive to the second and third timing dock signals so as to achieve a second task in a 
second time interval between the second timing dock signal in each of the pipeline cydes and the third timing dock 
signal in the next pipeline cyde. and a third pipeline stage contiguous to the second pipefine stage and having third 
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temporary storage means responsive to the first timing clock stgnai so as to achieve a third task in a third time interval 
between the third timing dock signal in each of the pipeline cydes and thef^ 

BRIEF DESCRIPTION QF TW g DRAW!Nn<^ 

The features and advantages of the semiconductct pioeJine memory de/ice according to the present invention will 
be more clearly undenrtood from the following description taken in conjunction with the accompanying drawings in which; 

Fig. 1 is a block diagram showing the arrangement of the prior art semiconductor pipeline memory device: 
Rg. 2 is a timing chart showing the read-out operation of the prior art senfnconductor pipeline memory device: 
Fig. 3 IS a timing chart showing the write-in operation of the prior art semiconductor pipeline memory device; 
Fig. 4 is a block diagram showing the arrangement of a semiconductor pipeline memory de^ce according to the 
present invention; 

Fig. 5 is a diagram showing the drcuft arrangement of a delay circuit incorporated in the semiconductDr ps>eime 
memory device; 

Rg. 6 is a timing chart showing a pipeline read-out operation of the semiconductor pipeline memory device; 
FSg. 7 is a timing chart showing a pipeline write-in operation of the semiconductor pipeline memory device: 
Fig. 8 is a block diagram showing the arrangement of another semiconductor pipeline memory device according to 
the present invention: 

Fig. 9 is a circuit diagram showing the anangement of a delay circuit incorporated in the semiconductor pipeline 
memory device shown in figure 8; and 

Rg. 1 0 is a timing chart showing a pipeline read-out operation of the semiconductor pipeline memory device shown 
in figure 8. 

DESCRIPTI ON QF TME PREFgRRED gMBCDIMEMTS 
Rrst Emfaodimpnt 

Referring first to figure 4 of the drawings, a semiconductor pipeline memory device embodying the p-esent invention 
is ^ricated on a semiconductor chip 11 ; and largely comprises a memory cell anay 12, a sense amplifier circuits 13. 
an addressing system 14. a controller 16 and a pipeline read-write system 17. The semiconductor pipeline memory 
device is cnanged between a write-in phase and a read-out phase, and data bits are sequentially written into and read 
out from the memory cell array 1 2 in a pipeline fashion. 

A plurality of memory cells fbnn in combination the memory ceil array 1Z and small bubbles stand for the plurality 
of memory cells. The plurality of memory ceils are arranged in rows and columns as shown. Word lines WLl to WLm 
are respectively coupled to the rows of memory ceils, and are selectively energized so as to select a row of memory 
cells. Bit line pairs BL1 . BL2 to BLn are respectively coupled to the columns of memory cells, and data bits are propagated 
to and from the selected row of memory ceils. 

The sense amplifier circuits 13 are respectively coupled to the bit fine pairs BL1. BL2. ... and BLn. and amplify the 
data bits on the bit line pairs BL1 to BLn. 

The addressing system 1 4 includes a row addressing sub-system 15a for selectively energizing the word lines WLl 
to WLm and a column addressing sub-system 15b. The row addressing sub-system 15a is responsive to row address 
data signals RW produced from a external multi-bit row address signal so as to energize one of the word lines WLl to ' 
WLm. 

The column addressing sub-system 15b includes address input circuits 15c for producing column address data 
signals CLi from an external multi-bit column address signal ADD, a ppeline column address decoder 1 5d for decoding 
the column address data signals CLl into column address decoded signals CL2 and two sets of latch circuits I5e and 
15f respectively associated with the address input circuits 15c and the column address decoder I5d. The set of latch 
circuits I5e are responsive to a first timing dock signal PHI for storing the column address data signals CLI. On the 
other hand, the other set of latch circuits 15f are responsive to a second timing dock signal PH2. and store the column 
address decoded signal CL2. The second timing dock signal PH2 is produced from the first timing dock signal PHI as 
will be described hereinlater. 

The pipeline column addressing sub-system 15b further indudes a column selector I5g coupled to the tot line pairs 
BL1 to BLn, and column address decoded signals CL2 cause the column selector 15g to propagate a data bit on one 
of the bit line pairs BL1 to BLn therethrough. For this reason, a data bit is transfen-ed from the selected bit line to the 
read-write system 1 7 in the read-out phase and from the read-write system 1 7 to the selected bit line in the write-in phase. 

The controller 16 indudes a dock input drcuit 16a coupled to a dock input pin CP and a delay drcuit I6b coupled 
to the dock input drcuit 16a. and the dock input drcuit 16a produces the first timing dock signal PHI from a system 
dock CLK. As shown in figure 5. the delay circuit 16b is inplemented by two delay elements 16c and I6d coupled in 
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parallel. The delay element 16c introduces first time delay into the first Inning dock signal PHI so as to produce the 
second timing cJodt signal PH2. and the other delay element I6d also introduces second lime delay different from the 
first time delay into the first timing dock signal PHI so as to produce the third timing dod< signal PH3. The time delays 
are determined in such a manner as to take the signal propagation length of each pipeline stage. In this instance, the 
second time delay is longer than the first time delay, because the read buffer circuit 1 7g is closer to the column selector 
15g than the latch circuits 15f. in this way, the delay drcuit I6b produces the second timing dock signal PH2 and the 
thiid timing dock signal PH3 from the first timing dock signal PHI. The first time delay and the second time delay are 
regulable by changing wirings of the delay elements 16c and I6d. and the wiring step is carried out after diffusions in a 
fabrication process sequence 

The first timing dock signal PHI rises in response to the leading edge of the system dock CLK. The first timing 
ckx* signal PHI has a predetermined pulse width, and. accordingly, the second and third liming dock signals PH2 and 
PH3 also have the predetermined putee width. Though not shown in figure 1 . the controller. 16 further includes a read- 
write contrdling circuit and the read-write controlling drcuit is responsive to a read/Write enable signal for changing the 
ppeline read-write system 17 between the read-out phase and the write-in phase. 

The pipeBne read-write system 1 7 indudes a data input drcuit 1 7a and a data output drcuit 1 7b coupled in parallel 
to an input-and-output data pin DQ. The data input circuit 1 7a forms a part of a pipeline write-in data propagation path, 
and the output drcuit 17b is incorporated in a pipeline read-out data pfopagaJion path 

An input data signal Sin indicative of a write-in data bit is supplied from the outside to the data input arcuit 1 7a. and 
is temporarily stored in the data irput drcuit 17a. The data input circuit 17a produces a write-in data bit WOl from the 
iiput data signal Sin. and the write-in data bit is transferred through the pipeline write-in data propagation path to the 
column selector 1 5g. On the other hand, a read-out data bit RD1 is supplied from the column selector 1 5g through the 
pipeline read-out data propagation path to the data output drcuit 1 7b. and is temporally stored in the data output arcuit 
17b The data output drcuit I7b produces an output data signal Sout from the read-out data bit and the output data 
signal Sout is supplied through the input-and-output data pin DO to the outside. 
25 The pipeline write-in data propagation path further indudes latch dreuits I7c and 1 7d. a data bus 1 7e and a wnte 
buffer drcuit 17f. The iatdi dreuits 17c and I7d are coupled in series between the data input drcuit I7a and the data 
bus 1 7e and the data bus 1 7e is coupled to the write buffercircuit 17f. The latdn dreuits I7c and I7d are responsive to 
the first timing do* signal PHI and the secorxj timing do* signal PH2 so as to temporarily store the wnte-m date bit 
The write buffer drcuit 1 7f is coupled to the column selector 15g. and supplies the writenn data bit through the column 
30 selector 1 5g to a selected bit line pair. Although the writenn data bit latdied by the latdi drcuit I7c is labeled with you 
the writenn data bit delivered from the latch drcuit I7d is labeled with -VWDT. and "WDS" stands for the write^n data brt 
supplied from the write buffer drcuit 17f to the column selector 15g. ^ 

The pipeline read-out data propagation path further indudes a read buffer drcuit 17g. the data bus I7e. a data 
amplifier 17h and a latch drcuit I7i coupled between the column seledor I5g to the data output drcuft 17b. and the 
35 data bus 1 7e is shared between the pipeline write-in data propagation path and the pipeline read-out data PropagaMn 
path The read buffer drcuit 1 7g is responsive to the thiiti timing do* signal PH3 for storing the read-out data bit RDl. 
and the latdi drcuit 1 Ti latdies the read-out data bit in response to the first timing control signal PHI . The read-out daa 
bit delivered from the read buffer drcuit 17g is labeled with -RDa". and the data amplifier 17h amplifies the read-out date 
bit RD2 The read-out data bit delivered from the latdi drcuit iTi is labeled with "ROa*. and the data output circuit I7b 
produces the output data signal Sout from the readK)ut data bit RD3. The pipeline writenn data propagation path and 
ttie pipeline read-out data propagation path are seledively enabled by the rMd-wrtte controlHng drcuit (not shown) of 

In a pipeline read-out operation, the first pipeline stage is from the latch dreuits 5c to the latch circuits 5d, the second 
pipeline stage is from the latch dreuits 5d through the read buffer drcuH 7d to the latch drcuit 7i. and the third pipdine 
stage is from the latdi drcuit Ti to the delivery of the output data signal Sout from the input-and-output date pin DQ. 

As described hereinbefore, signal propagation times of the first time delay IqI and the second time d^ay 1 2 are 
determined by taking signal propagation times along the first to third pipefine steges. In deteil. if the first P'PeJ^sJfl* 
consumes a signal propagation time ti . the first delay time tpi '» determined to be equal to the signaf propagation time 
tl as follows. 



40 



45 



50 



t pi » ti Equation 3 



The signal propagation time t2 in the second pipeline stege is constituted by a first signal propagation sub-time ei from 
the latdi dreuits 5d to the read buffer drcuit 7d and a second signal propagation sub-time 122 from the latch arcuits 50 
S5 to the latch drcuit 7i. The second time delay tD2 satisfies equations 4 and 5. 

tl * 121 = (ti + 12)/2 + 1 (,2 Equation 4 

t22a(t1+t2V2-to2 Equations 
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IHllT T * ^ determined are minimum, and make the signal procagation times tl and 12 eoual 

to eacn other The address access time T in the read-out phase is expressed by eouation 6. 

, T-tl +12 + 13 Equatione 

t^"'"" '""f^ * ""^""•^ *e latch cwcuit 7i than a mid poim between the latch circuits 
5c and the latch arcuit /i. and the second time delay to2 does not lake a negative value 

The Mm^uctor pvseiine memory device according to the present invention behaves as tollows. First, assumina 
now that an external device such as a microprocessor is requested to read the data bns stored in the m^wr^ 

e2n^to«cesuppl.«»the™ft*rt iSa. and STe row aSisIJ 

sub^em 1 5a energizes the word fine WLl . by way of exampla and electrically connecs a row of memonT 

'5 to BLn. respeclA^e^ir. and the sense amplifier circuits 13 ampUfy the readout data bits on the bit line pairs BLitoBLn 

•**^«WB«*J|« coh*™ address signal ADO indicative of the column address A1 to the 

add«WAP«syrHrfuw 

tne column address data signals CLI . 

20 PHI I^Z^^ ^ f *° '^6'" <=»o* CLKd 0) so as to produce ttia first timing dock signal 

2^ . ''^'^ and I6d outputs the second timing dock signal PH2(io7and 

timing dodJ signal PH3(10) at time til and time t12. respectively. \ / «^«nTO 

The cohirm address data signals CLI indicative of the column address Al are latched by the latdt drcuits 5e In 
^"'!.!1!IL!"™"^ ^ signals CLi are decoded to the column 

S";^,^^«^«9~^CU^*«lfeafiveof thecolumnaddr However, the column address decoded sigSte 
2S CL2 wait for the second timing Clock Signal PH2(10). «.«««ai8nais 
The third timing dodt signal PH3(10) risjes at time tl 1. and makes the read buffer drcuit I7g active 
Thereafter, the second liming dod< signal PH2(10) rises at time t12. and the latch drcuits 15f latdi the column 
address decodrt signals Cl^indicativedthe column addressAiin response to the second timing do^ 
» ^f,'^"^f,«*»[i59"'fl^« the bit line to the input node of the read buffer drcuit I7g. and the reaioi 

30 data bit RD1 (1) readies the read buffer drcuit I7g. However, the third timing dod< signal PH3(1 0) has been already 
recovered to the inactive low level, and the read-out data bft RDl(l) is not stored in the read buffer drcuit 
ri ..MM """^ ^ ADD to A2 in syndwonism with the system M 

CLK(l 1). and the address input drcuits 15c produce the column address data signals CLI from the multi-bit column 

35 Sfi'mi "^^.°! A2. The do* input drcuit 16a raises the first liming dodc signal 

35 PH1(l 1) at time tl3. and the delay arcuit 16b raise the third timing contrd signal PH3{1 1) at time tl4 and the second 
timing contrd signal PH2(11) at lime tl 5. / » ^umssajna 

The column address data signals CLI indicative of the cdumn address A2 are latdied by the latch drcuits I5e in 
response to the first timing control signal PHI (1 1). and the read buffer drcuit 1 7g stores the read-out data bit RD1(1) in 
respoiise to the third liming dodt signal PH3(1i). The read buffer drcuit 17g supplies the read-out data bit RD2(1) 
to ftrough the data bus 17e to the data amplifier 17h. and the data amplifier I7h amplifies the read-out data bit RD2(1) 

?m M f k"'^ ^ ^"i* ^ ^ *® bit RD2(l) to the latdi drcuit 1 7i. the first timing dod< signal 

PHI (1 ) has been already recovered to the inadive tow level, and the read^ data bit RD2(i ) is not stored in the laid) 
arcuit i7i. 

'"'«'atohdrcuits15flatchthecdumnaddressdecodedsignalsCL2indicativeofthecolumnadd^^^ 
•5 to the second timing do* signal PH2(1 1). and supply the column address decoded signals C12 to the column seiedor 
S ^ ^ 5g couples the bit line pair BL2 to the input of the read buffer drcuit 1 7g. and the read-out 
data bit RDi(2) IS supplied to the read buffer drcuit 17g. The IWid liming do* signal PH3(l 1) is recovered to the inadive 
tow l«rel by Hme t15. and the read-out data bit RD1(2) is not stored in the read buffer drcuit 17g in the second cyde 
The system do* CLK(12) causes the do* input drcuit I6a to raise the first timing do* signal PH1(12) at time 

dL^, '^^'^ "^^^ the thirdtiming do*8ignal PH3(12) at time tl 7 and thesecond timing do*signal 

PH2( 1 2) at time 11 8. respectively. 

The latdi drcuit 1 7i latdies the read-out data bit RD2(l) in response to the first timing do* signal PHI (l 2). and 

supplies the read-out data bit RD3(l ) to the data outout drcuit 17b. The data output drcuit 1 7b produces the output data 

5 dS^in DQ^' ^^"^ fead-out data bit RD3(i). and the output data signal Sout(l) is supplied to the input-andK)ulput 

The read buffer drcuit 1 7g latches the read-out data bit RD1(2) in response to the third timing do* signal PH3(12) 
and the read buffer drcuit I7g supplies the read-out data bit RD2(2) to the data amplifier 1 7h. The data amplifier I7h 
amplifies the read-out data bit RD2(2). and supplies the read-out data bit RD2(2) to the latch circuit iTi. However the 
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latch circuit 1 7i does not store the read-out data bit RD2(2), since the first timing dock signal PH1 (1 2) has been already 
recovered to the inactive low level. 

The system dock CLK(13) causes the clock input circuit 16a to raise the first timing dock signal PH1(13) at time 
t19. and the delay circuit I6b produces the third timing dock signal PH3(13) at time t20 and the second timing dock 

5 signal PH2(13) at time 121. 

The latch drcuit 1 7i is responsive to the first timing dock signal PH1 (13) so as to store the read-out data bit RD2(2}. 
and supplies the read-out data bit RD3(2) to the data output circuit 1 7b. The data output circuit 1 7b produces the output 
daa signal Sout(2) from the read-out data bit RD3(2). and the output data signal Sout(2) is delivered through the input- 
and-output data pin DO to the external device. 

10 As will k>e understood from the foregoing description, pipeline read-out operation altows the second pipeline stage 
to extend over two cydes. and prolongs the time interval from the address latch into the latch drcuits I5f to the data 
latch into the read buffer drcuit 1 7g. For example, the column address decoded signals CL2 are latched In response to 
the second timing dock sigial PH2(10) at time tl2. and the read-out data bit PH1(1) is stored in the read buffer circuit 
17g in response to the third timing dock Phl3(1 1) at time t14. In other words, the second pipeline stage is allowed to 

15 consume the long time interval between t12 and t14. Similarty. the long time period from time t1 1/t14 to time t13/t16 is 
assigned the third p^eiine stage, and the third pipeline stage is allowed to complete the data transfer and the data 
ampfification within the long time interval. The first pipeline stage is relatively short and the relatively short time interval 
between time t10/t13 and time tl2/t15 is assigned to the second pipeline stage. Thus, the first to third pipeline stages 
are respectively assigned appropriate time intervals depending upon the signal pr^gation path, and time loss is min- 

20 imized. 

Figure 7 illustrates the pipeline write-in operation. The row accessing sub-system ISa is assumed to select the 
row of memory ceils copied to the word line WL1 . and electrically couples the bit line pairs BLI to BLn to the selected 
row of memory cells, respectively. 

The external device supplies the column address signal ADD indicative of the column address A1 to the address 
25 input drcuits 15c in synchronism with the system dock signal CLK(14), and the address input drcuits 15c produce the 
column address data signals CL1 . The ir^ut data signal Sin(1) is also supplied through the input-output data pin DQ to 
the data input drcuit 17a in synchronism with the system dock CLK(14). and the data ininit drcuat 17a produces the 
write-in data bit WD1(1). 

The system dock CLK(14) causes the dock input circuit 16a to raise the first timing dock signal PH1(14) at time 
30 tSO. and the delay drcuit 16b produces the second timing dock signal PH2(14) at time t31. 

The latch drcuits 15e temporarily store the column address data signals CL1 in response to the first timing dock 
signal PH1(14). and the column address decoder ISd decodes the colunm address data signals CLI to the column 
address decoded signals CL2 indicative of the column address A1 . 

The write-in data bit WDl (1 ) is also latched by the latch drcuit 1 7c in response to thef irst timing dock signal PHI (1 4). 
35 and the write-in data bit WD1(1) Is transfen'ed to the latch drcuit 17d. 

The latch drcuits 15f is responsive to the second timing dock signal PH2(14) so as to store the column address 
decoded signals CL2 indicative of the cdunm address A1. and the column address decoded signals CL2 cause the 
column selector 15g to couple the write buffer drcuit 17f to the bit tine pair BLI. 

The latch drcuit 1 7d is also responsive to the second timing dock signal PH2(l 4) so as to latch the write-in data bit 
40 WDi(l). and supplies the write-in data bit WD2(1) through the data bus 17e to the write buffer drcuit 17f. The write 
buffer drcuit 17f has been already coupled through the column selector 15g to the bit tirie pair 6L1 . and the write buffer 
drcut 1 7f supplies the write-in data bit WD3(1) to the bit line pair BLI . The bit line pair BLI propagates the write-in data 
bit WD3(1) to the memory' cell assigned the column address A1, and the write-in data bit WD3(1} is written into the 
memory cell. 

45 The external device supplies the column address signal ADD indicative of the column address A2 to the address 
input drcuits 15c in synchronism with the system dock sigr»l CLK(15). and the address input drcuits 15c produce the 
column address data signals CLI . The input data signal Sin(2) is also supplied through the input-output data pin DQ to 
the data input drcuit 17a in syndironism with the system dock CLK(15). and the data input drcuit 17a produces the 
write-in data bit WDl (2). 

50 The system dock CLK(15) causes the dock input drcuit 16a to raise the first timirtg dock signal PH1(15) at time 

t32. and the delay drcuit 16b produces the second timing dock signal PH2(15) at time t33. 

The latch drcuits 15e temporarily store the column address data signals CLI in response to the first timing dock 

signal PH1(15). and the column address decoder I5d decodes the column address data signals CLI to the column 

address decoded signals CL2 irrdicative of the column address A2. 
55 The write-in data bit WD i (1 ) is also latched by the latch drcuit 1 7c in response to the first timing dock signal PHI (1 5). 

and the write-in data bit WDl (2) is transferred to the latch drcuit I7d. 

The latch drcuits I5f is responsive to the second timing dock signal PH2(15) so as to store the column address 

decoded signals CL2 indicative of the cdurnn address A2. and the column address decoded signals CL2 cause the 

column selector 15g to couple the write buffer circuit I7f to the bit line pair BL2. 
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Bl^Mo one of said pipeline write-i data propagation sub-system and said pipeline read-out data propagation sub- 



*' m^^y^^, ""^^ ^ 3- in which said data propagation system (l 7- 27) 

inwhichsaidpipelineread^utdatapropagalion 

^J^^^ ""P"** » said column selector (I5g) and responsive to said Ihinl timing dock 

signal (PH3: The inveise of PH12) so as to temporarily store said ou^ data {RDI}, 

a data amplifier (1 7h) coupled to said read buffer circuit (1 7g) far anpii^'said output data (R02) 

(PHI) so as to tempcranly store said output data (R02). and ■w«-w»»signw 

from si'SS°;^3r^ *° ^ 

said first latch circuits (I5e) and said column address decoder (I5d) forming said first pipeline stage 
« i. -^1**^"** (150. said column selector {I5g). said read buffer circuit (I7g) and said data annli. 

tier (I7h) fanning said second pipeline stage. "-wanfni 

said third latch cinaiH (170 and said data output circua (17b) farming said third " 

6. Theserniconductorpipelinememoryde«ceassetfbrihinclaim3. in which said pipeline write-in data propagation 
suo-system has 

* ''??JT* to said data port (DO) and producing said input data (WDl) from an input 

oata signal (Sm), ^ 

/Bu,. coupled to saiddatainput circuit (17a) and responsive to said fust timing dock signal 

(PHI) so as to temporarily Store said input daa(WOi). 

™. foS^'lS^^*^ **** ^^^'^^ to said third latch circuit (17c) and responsive to said second timing dodk 

signal (PH2; PH12) so as to temporarily store said input data (WDl), and 

a write buffer circuit ( 1 70 coupled between said fourth latch dreuit (I7d) and said column seiecta (15g) tor 
transfemng said input data (WD3) to said column selector (I5g). 

7. The semiconductor pipeline memory device as set farth in daim i, in which said pipeline controlling system (16: 
26) includes 

e . fntT '^"^ ^ ^ ^9™" (CLK) tor produdng said first timing dod< 

Signal (PHi), and 

ade«ayarcuit(i6b:26b/26g)imrodudngafirsttimedelayinto^ 
said second timing dock (PH2; PH12) signal and a second time delay into said first timing dock signal (PHI) for 
producing said third timing dock signal {PH3; the inverse of PHI 2). 

The semiconductor pipeline memory device as set forth in daim 7. in wWdi said first active level is identical with 
said second active level and said third active level. 



8. 



9. The semiconductor pipeline memory device as set forth in daim 7, in which said delay dreuit (1 6b) indudes 

a *^<ielaysub^rcuit(1 6c) introdudng said first time delay imo said fi^ 
duang said second timing dock signal (PH2). and 

a second delay sutnarcuit (I6d) introdudng said second time delay into said first timing dock signal (PHI) 
for producing said third timirtS dock signal (PH3). 

ia The semiconductor pipeline memory device as set forth in daim 7, in which said d^ay circuit indudes 
a first delay sub-drcuit (26c) coupled to sakj dock input dreuit (16a). 
a first inverter (26e) coupled to said dock input dreuit (1 6a), 
a second delay sub-circuit (26d) coupled to said first invener {26e). 

an OR gate (26f) coupled to an output node of said first delay sub<ircuit (26c) and an output node of said 
second delay sub^rcuit (26d) and producing said second timing dock signal (PHI 2). and 

a second inverter (26g) coupled to an output node of said OR gate (260 for produdng said third timing dock 
signal (the inverse of PHI 2). 
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11 . The semtconductar pipeKne memory deme as set forth in daim 7. in which said first time delay is equal to a first 
time consumed by a signal propagation through said fvst pipeline stage, and said second tvne delay satisfies fol- 
lowing equations 

t1+t21-(tWt2y2+to2 
t22>(tWt2)/2-t ^2 

where ti ls said fvst lime. t2 is a second time consumed by a signal propagation through said second pipefine st^e, 
121 is a third time consumed by a signal propagation from a first sub-means (15f)o^ 

means responsive to said second timing dock signal (PH2; PH12) to a second sub-means (17Q of said second 
temporary storage means responsive to said third timing dodi s^ (Ph^^ 
time delay and t22 is a fourth time oofB um e d by a signal propagation^ 
tarnporary storage rneans (170 responsive to said first tirivn^ 
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